A Possible Resolution of the U(1) and Strong CP Problems within Gluodynamics by Halperin, I & Zhitnitsky, A R
hep-ph/9708240
A Possible Resolution of the U(1) and Strong CP
Problems within Gluodynamics
Igor Halperin and Ariel Zhitnitsky
Physics and Astronomy Department
University of British Columbia




We analyse the U(1) and strong CP problems in gluodynamics within a low energy dila-
ton/axion eective Lagrangian constructed by using low energy theorems. Within the
eective Lagrangian technique, we nd that the strong CP problem is automatically
solved by a shift of the vacuum, analogously to what was recently found for supersym-
metric models. As a result, the physical  dependence disappears when a stable vacuum
is chosen. Our construction preserves a resolution of the U(1) problem.
1 Introduction
Very soon after the discovery of BPST instantons [1] in Yang-Mills (YM) theory it has
become clear [2] that the latter possesses a hidden parameter  whose eects may show
up due to a non-trivial topological structure of the theory. The fact of the existence of
this new fundamental constant has immediately posed dicult questions related to the
so-called U(1) and strong CP problems. On the one hand, it has been argued by ‘t Hooft
[3] within the instanton approach, and by Witten and Veneziano [4] within the large Nc
picture, that physics should depend on  in order for the famous U(1) problem [5] to be
solved. On the other hand, a non-zero value of  implies a violation of CP invariance
in strong interactions, which is not observed experimentally. The famous experimental
bound  < 10−9 looks highly unnatural. This fact has initiated numerous proposals to
solve the strong CP problem by introducing new particles (the axion [6] or its modica-
tions, the so-called invisible axions [7], see [8] for a review) or/and dierent dynamical
scenarios (see e.g. [9]), neither of which has so far been established experimentally or
theoretically. Moreover, an apparent conflict between the expected dependence of physics
on , needed for resolutions of the U(1) and strong CP problems, is so drastic that it
created a widespread opinion, shared by many physicists, that these two problems simply
cannot be resolved simultaneously within the strong interaction sector of the Standard
Model.
It is the purpose of this paper to argue that YM theory (gluodynamics) solves both
problems in a very natural way without introducing new particles or interactions what-
soever. Our results may be formulated as follows. Introducing a non-zero -term yields a
rearrangement (shift) of the YM vacuum, which results in the disappearance of any de-
pendence on  when a correct (stable) vacuum state is chosen. In eect, no CP violation
can be observed and, moreover, a theory with  6= 0 becomes exactly equivalent to that
with  = 0, al least for small  < 1 (at larger  ’  there may exist phase transitions to
new states, as was suggested by ‘t Hooft [10], which could invalidate the technique used
in our approach). A posteriori, we end up with a picture which is very similar to what
was found by Vergeles [11] for the Polyakov model [12]: the  dependence disappears from
the theory after a shift of the vacuum, though our methods dier from those of [11] 1.
We feel that we have to clarify right here a compatibility of possible simultaneous
resolutions of the U(1) and strong CP problems. We claim that the aforementioned
mechanism, eliminating any  dependence when a true vacuum state is chosen, is perfectly
consistent with a simultaneous resolution of the U(1) problem. The crucial observation












G ~G(0)gj0iYM (+O(1=Nc)) ; (1)
1Though our conclusion that YM theory solves the CP problem by itself is similar to that of Samuel [9],
our approach is very dierent from what was proposed by this author. Samuel [9] has tried to address the
problem of the  dependence in gluodynamics within instanton methods in attempts to nd a relaxation
mechanism analogous to that arising in the Polyakov model [12, 11]. In our opinion, this approach is
inconclusive as, in contrast to the 3D case of [12, 11], an exact treatment of collective instanton eects is
not attainable in 4D gluodynamics.
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on the contrary to the identication of (1) and (2) made in [4]. While the more fundamen-
tal equation (1), which is only necessary for a resolution of the U(1) problem, is satised,
the apparently equivalent to it Eq.(2) is wrong. In fact, Eq.(2) is identical to (1) only
under the assumption that boundary conditions for two dierent theories (with  = 0 and
 6= 0) are the same. As we will argue, this assumption actually does not hold in the
theory. To summarize, Eq.(1) is correct and solves (within the large Nc approach) the
U(1) problem, while Eq.(2) is false, no  dependence exists in reality, and no CP violation
can ever arise. We claim that the standard treatment of the -term in gluodynamics
implies a wrong (unstable) vacuum, while a true vacuum choice, imposed by the theory
itself, eliminates entirely any  dependence from physics in YM theory. In this respect the
situation is similar to what happens in supersymmetric theories where the  dependence
naively arises for any dimensional quantity through the combination e−8
2=g2+i. However,
all physical properties remain the same when an appropriately shifted vacuum is chosen
[13], see Sect.5 for more detail.
We would now like to explain the essence of methods used in our approach to these
problems. Our initial aim is to nd an eective low energy Lagrangian describing the
dynamics of long distance degrees of freedom of YM theory2. We realize this task by
imposing a set of constraints which ensure consistency of the theory by matching its low
energy and high energy behavior. This matching is provided by low energy theorems
(Ward identities) of gluodynamics [15, 16]. As soon as such theorems are established, a
remaining step to be done is very simple, and was known for a long time: using the low
energy theorems, one reconstructs an eective Lagrangian. For the case of a single dilaton
eld, saturating Ward identities for the scalar channel [15], this problem was solved long
ago by Schechter [17], and Migdal and Shifman [18]. As by now new low energy theorems
for the pseudoscalar gluon channel become available [16], we have a possibility to obtain
an eective Lagrangian for all Ward identities of gluodynamics. Then the minimization
of an eective potential xes a true vacuum in this \dual" low energy theory. It will be
shown below that a true vacuum choice eliminates any  dependence after a shift of the
vacuum to a stable one. This means that the  dependence disappears as well in the
original path integral formulation of the theory without the appearance of a dynamical
\axion" eld, see below. In terms of the original formulation of the theory, this means
that correct boundary conditions for the case  6= 0 depend on  in such a way that
2We would like to stress that by an eective Lagrangian we mean a Lagrangian which saturates
all (including anomalous) Ward identities of the theory. This modern interpretation of the eective
Lagrangian formalism, used, in particular, in supersymmetric theories (see e.g. review papers [14]), is
dierent from the old-fashioned approach based on an eective description of light excitations above a
ground state, as e.g. is done in chiral Lagrangians in QCD. In the modern formulation, an eective
Lagrangian describes vacuum degrees of freedom, not light particles above this vacuum. In what follows,
we therefore imply by a dilaton/axion eective Lagrangian in YM theory a Lagrangian realization of
all Ward identities in gluodynamics. Here, a dilaton/axion eld should be understood in the quotation
marks, as eective vacuum degrees of freedom in YM theory.
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ultimately physics becomes entirely independent of . As will be explained in detail
below, this is where a loophole, made in the transition from (correct) relation (1) to
(wrong) Eq.(2) was overlooked. The  parameter enters the path integral not only
via the Lagrangian, as is implied by Eq.(2), but also via boundary conditions
in such a way that physics becomes independent of . What allows us to reach
this conclusion is dealing not with the original theory (where the problem of correct
boundary conditions is highly non-trivial), but with a \dual" low energy description of
gluodynamics.
We should stress that the very idea of using eective low energy Lagrangians to study
the  dependence is certainly not a new one, and was implemented a long time ago
by ‘t Hooft [3], Witten [19], and Di Vecchia and Veneziano [20]. The new element of
the present work is the inclusion of a eld (to be called the axion) which is introduced to
saturate recently derived Ward identities for the pseudoscalar channel [16]. Thus, the main
dierence of our approach from [3, 19, 20] is that we construct an eective Lagrangian
governing a low energy behavior of dilaton/axion degrees of freedom (which are just
responsible for a true  dependence), while the authors of [3, 19, 20] have concentrated
on an eective low energy description of light meson excitations. It is clear that a correct
 dependence cannot be established when only chiral, but not the dilaton/axion, degrees
of freedom are retained. The construction of such a dilaton/axion eective Lagrangian,
and the analysis of the strong CP problem in gluodynamics within this framework, are
the main purposes of this work. We emphasize that the axion appears as a dependent,
non-dynamical eld in our approach.
Our presentation is organized as follows. In Sect.2 we recall the low energy theorems
in gluodynamics and discuss a resolution of the U(1) problem suggested by them. We
further propose a strategy for the construction of an eective low energy Lagrangian. The
information, contained in the low energy theorems, is cast into a dilaton/axion eective
Lagrangian in Sect.3. Sect.4 is devoted to the analysis of the strong CP problem within
this framework. The elimination of any dependence on  from physics is demonstrated.
Conclusions and some discussion are presented in nal Sect.5.
2 Low energy theorems in gluodynamics
As has been discussed in the Introduction, to address the strong CP problem which is
related to large distance (vacuum) properties of the theory, we have to obtain an eective
Lagrangian governing this low energy dynamics. Consistency of the theory requires that
a large distance behavior of YM theory should match its short distance behavior xed
by renormalizability. Technically, these matching conditions are provided by the so-called
low energy theorems [15, 16] which determine the low energy limit of correlation functions
in gluodynamics. Our aim in this section is therefore to recall and discuss the low energy
theorems for the scalar [15] and pseudoscalar [16] channels in YM theory in order to
prepare a necessary input for the construction of an eective Lagrangian, which will be
carried out in Sect.4.
In what follows we need two low energy theorems for zero momentum correlation
functions of spin 0 gluon currents in gluodynamics. For the scalar channel case, these
3
















where b = (11=3)Nc stands for the rst coecient of the Gell-Mann - Low -function in
YM theory (throughout this paper, we use the one-loop -function). The NSVZ theorem
(3) was obtained as a consequence of renormalizability and dimensional transmutation
phenomenon in a massless theory (either QCD with massless quarks or gluodynamics),
which x the dependence of any condensate hOi of dimension d on the bare coupling










with the choice b = 11=3Nc−2=3nf or b = 11=3Nc, respectively. Note that, by denition,
perturbative contributions are always subtracted in vacuum condensates like hOi. It
is only in this case that vacuum expectation values are given by expressions like (4).
The NSVZ theorem [15] then follows by the dierentiation of Eq.(4) in respect to 1=g20.
Arbitrary n-point functions can be obtained by further dierentiating relation (3) :
in
Z
dx1 : : : dxnh0jTf(x1) : : : (xn) (0)gj0i = (−4)
n hi ; (5)
where for later convenience we have changed the normalization :   −bs=(8)G2.
Another set of low energy theorems, describing zero momentum correlation functions




















using a connection between the conformal and axial anomalies in the theory with an
auxiliary heavy fermion. We would like to emphasize that comparison of the low energy
theorem (6) with the Witten-Veneziano formula (1) shows that the U(1) problem is solved
in QCD in the large Nc limit without introducing a ghost eld [4] and, more important,
with no need in a -term. The appearance of a large mass of the 0, which does not
vanish in the chiral limit, is a short distance phenomenon, and is due to fermion regulator
contributions to the conformal anomaly [16]. On the contrary, the strong CP problem
is inherently related to large distance properties of YM theory, and should be addressed
within an eective Lagrangian framework.
We will not dwell on details of technique used in [16] to derive the low energy theorem
(6) because, as will be clear later, our mechanism will not be sensitive to a particular
coecient in front of the gluon vacuum condensate in the right hand side (RHS) of
Eq.(6). On the other hand, the fact that the RHS of Eq.(6) can only be proportional to
the gluon condensate hsG2i can be understood on general grounds and does not actually
require any calculations at all. Using (3) and (6), it is a trivial exercise to nd arbitrary
n-point functions of the topological density. It is important to note that, as both relations
(3) and (6) are only based on renormalizability which is not spoiled by the presence of a
4
-term, they remains valid also when the latter is added to the YM Lagrangian. For the


















G ~Gi ; (7)
which is a particular version of the original NSVZ theorem [15].
The following consideration is central to the whole approach of this paper. To construct
an eective low energy Lagrangian, we need to know the vacuum energy as a function
of parameters of the theory. The vacuum energy is determined by the path integral. In
general, we do not know correct boundary conditions for the path integral for either of
the cases  6= 0 or  = 0. However, we may assume that boundary conditions do not
depend on  (this is precisely what is done in a standard treatment of eects of non-
zero ). In this case, the entire dependence of the path integral on  is concentrated in
the YM Lagrangian, and may be calculated (at least, for suciently small  < 1) by a
formal resummation of an innite Taylor expansion in powers of . Using the low energy
theorems (3) and (6), this problem can be readily solved [16] :
Ev() = hj −
bs
32































On the other hand, it is clear that correct boundary conditions in the original path integral
formulation of the theory are in one-to-one correspondence with boundary conditions of
a \dual" eective low energy theory, which are given by a true vacuum in the latter
formulation. For a \dual" low energy theory, the problem of correct boundary conditions
is solved very simply: one should minimize an eective potential to nd a true ground
state. We therefore suggest a kind of the \trial and error" method which consists of a few
steps. Assuming that an entire  dependence is concentrated in the YM Lagrangian, we
will construct in the next section an eective low energy Lagrangian coding all information
contained in the low energy theorems (4) and (6) and their descents for arbitrary n-point
functions, see Eq.(5). The requirement to this low energy Lagrangian, imposed by the
above assumption, is that it should reproduce Eq.(8) within the same choice of a ground
state (the same boundary conditions in the original formulation) as was the case for  = 0.
At the second step, we check whether this choice of the vacuum is a correct one for the
case  6= 0, i.e. we minimize an eective potential anew in a quest for a stable vacuum.
If this procedure results in the same solution which holds for the case  = 0, our initial
guess is correct, and Eq.(8) gives the true dependence of the vacuum energy on . If this
is not the case, the theory itself chooses a stable vacuum with a minimal energy, which
diers from the one which was stable for  = 0. As will be shown below, this is precisely
what happens in YM theory: a stable minimum of an eective potential corresponds to
a shift of the ground state relatively to a value it took for  = 0. As a result, the 
dependence entirely disappears from the low energy Lagrangian, and thus also goes away
in the original formulation of the theory. The same phenomenon also takes place in well
understood SUSY models [13].
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3 Dilaton/axion eective Lagrangian
The purpose of this section is to construct a dilaton/axion low energy eective Lagrangian
(EL) for gluodynamics, which would contain all information provided by the low energy
theorems in the scalar (3) and pseudoscalar (6) channels including all multi-point corre-
lation functions of operators G2 and G ~G, which can be obtained by dierentiating the
two-point functions (3) and (6), see e.g. Eq.(5). A resulting EL will be the subject of a
further analysis in Sect.4.
The task of constructing the EL can be considerably simplied by going over to linear

























In terms of these combinations, the low energy theorems (3) and (6) take particularly
simple forms (for an arbitrary value of ) :
i
Z
dxh0jTfH(x) H(0)gj0i = −4hHi ;
i
Z
dxh0jTf H(x) H(0)gj0i = −4h Hi ; (11)
while the correlation function ofH and H vanishes. It is easy to check that this decoupling
of the elds H and H holds also for arbitrary n-point functions of H, H. This circumstance
makes it particularly convenient to work with elds (10).
We now wish to construct an eective low energy Lagrangian for the \dilaton" ()








for any choice of the ground state. According to the line of reasoning presented in the
previous section, we will choose as a trial ground state the one which provides a stable
minimum of an eective potential for the case  = 0. Later, a true vacuum will be found
by a choice of a stable minimum for the theory with  6= 0. It should be stressed that a
sought EL does not have to include both the dilaton  and axion a elds as dynamical
degrees of freedom. Actually, it will be shown below that there is only one (dilaton)
propagating degree of freedom, while a dynamical axion would be at variance with the
low energy theorems. However, at this stage we will formally introduce two elds  and a
to realize in an eective Lagrangian framework the Ward identities (11) and their descents
for arbitrary multi-point functions, see Eq.(5).
For the case of one real eld H (which does not include the topological density oper-
ator), the problem of constructing of an eective Lagrangian for a single dilaton eld 
was solved long ago [17, 18]. We will proceed similarly to [17, 18] in our case of complex
elds (10). We wish to nd an eective potential V (; a) which would reproduce at the

















dx (x) ; (13)
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which ensures the required scale transformation properties of the potential V . In accord
















(h+ h) ; (14)
while an eective potential V (; a) should be of the form




V (h) + V (h)

: (15)
We therefore see that the eective potential V (; a) is the sum of the holomorphic and
anti-holomorphic functions, V (h)  h(log h+ const), which are nothing but the analytic
continuations of a real-valued dilaton eective potential of Ref.[17, 18] to complex values
of the dilaton/axion eld h; h. The potential V (h) is multi-branched, but for weak axion
elds it is sucient to consider only the rst Riemann sheet of the function. We therefore
impose the constraint 0  arg(h) < 2 on the complex eld h(x). Proceeding, as was
done by Migdal and Shifman [18], to a new parametrization of the elds (see Eq.(10))





(here and in what follows r  8=3b) for two complex conjugated elds ; , we nally
obtain the eective potential (we recall that Ev < 0)









where the imaginary part of the eld  is compact: r  Im  < 2 + r. As should
be expected, for  = 0 the eld  can be taken real, and Eq.(17) reduces in this case to
the dilaton eective potential of [17, 18]. Furthermore, it can be readily checked that the
eective potential (17) reproduces the low energy theorems (11) and arbitrary n-point
functions of the H; H elds, which can be obtained from Eq.(11).
So far we have obtained the dilaton/axion eective potential V . To have a complete
eective Lagrangian, we should add proper kinetic terms to V . We note that possible
kinetic terms for the dilaton and axion elds do not enter Eq.(13) since both elds have
the canonical dimension 4, and thus their kinetic terms should be scale invariant. For
the case of a single dilaton eld  of Ref.[17, 18], the kinetic term was chosen to be
const(@)
2−3=2, which has required properties under conformal transformations. Do we
have to add to it an analogous axion kinetic term in our case of two elds? It might
seem that this question cannot be answered on grounds of Eqs.(13) and (11). However, a
careful analysis of the eective potential (17), which will be carried out in the next section,
reveals that it is only the dilaton kinetic term that can arise in the eective Lagrangian,
while an axion kinetic term is forbidden by the form of eective potential (17).
4 Elimination of  dependence in gluodynamics
In this section we present a resolution of the strong CP problem in gluodynamics, ob-
tained within the dilaton/axion eective Lagrangian. We will show that a minimization
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of the eective potential (17) eliminates the  dependence in the eective Lagrangian and,
therefore, also in the original formulation of the theory.
To proceed, it is convenient to split the eld  into real and imaginary parts:  = +i.
In these variables, the eective potential (17) becomes
V = −Eve
 [(− 1) cos(r − ) +  sin(r − )] ; Ev < 0 ; r   < 2 + r : (18)
We would now like to argue that the eld  should be considered as a constrained eld,
while the eld  should be treated as an independent variable. Our argumentation is
based on the observation that V (; ) does not have a minimum when considered as a
function of two independent variables  and . Indeed, if this were the case, i.e. there







= 0 ; Det(V 00) > 0 : (19)
For the eective potential (18), the condition V 0 = V
0
 = 0 requires
 cos(r − ) +  sin(r − ) = 0 ;  sin(r − )−  cos(r − ) = 0 : (20)
Let us rst consider Eqs.(20) for  = 0. In this case, the only solution to (20) is  =  = 0.
However, at this point Det(V 00) = −E2v < 0. Thus, the situation looks like we do not
have any stable vacuum state at all. Evidently, this wrong conclusion came as a result of
the initial assumption of independence of the elds  and . Indeed, for a single dilaton
eld of Ref.[17, 18] the eective potential has a stable absolute minimum. On the other
hand, we could also introduce an axion eld when  = 0 in order to saturate the Ward
identities (11). In this case, the only way to avoid a disastrous conclusion on instability of
the vacuum is to require that the axion eld should not be considered as an independent
one. In other words, for  = 0 the second of Eqs.(20) has to be understood as a constraint
expressing the dependent eld  in terms of the independent eld , while the eective
potential is actually a function of one variable V = V [; ()]. As can be easily seen, a
resolution of the constraint yields  = 0, thus bringing us back to the original dilaton
eective Lagrangian of [17, 18]. We therefore conclude that in the case  = 0 there is only
one (dilaton) propagating degree of freedom.
Obviously, the number of physical degrees of freedom cannot alter when we switch on
non-zero values of . Again, there can be only one dilaton independent eld, while the
 eld is constrained. The constraint comes from the relation V 0 = 0 if  takes values
in the open interval (r ; 2 + r). Alternatively,  belongs to the boundary, i.e.  = r.
Thus, the potential (18) has two extrema:
 =  = 0 or  = 0 ;  = r : (21)
Obviously, the rst solution here is the one which provided a stable absolute minimum










;  =  = 0






We therefore see that the rst solution in (21) satises the requirement imposed in Sect.2
on the eective Lagrangian: it reproduces Eq.(8) within the same choice of a vacuum
state which provided an absolute minimum of the potential in the case  = 0. Thus, our
construction of the eective Lagrangian is self-consistent. On the other hand, Eq.(22)
clearly shows that the choice  =  = 0 is no longer the state with a minimal energy when
 6= 0 : an absolute minimum of the vacuum energy is reached within the second solution
in (21), with no gap between the two solutions. Moreover, for this solution the vacuum
energy ceases to have any  dependence. We therefore re-dene the eld in (17) by the
substitution (x) = ir + (x) where  is a real dilaton eld which describes fluctuations
around the absolute minimum of the potential. In terms of this eld, physics becomes
independent of , and the corresponding eective Lagrangian reads
Leff = const  (@)
2e=2 + Eve
(− 1) ; (23)
where we have added the kinetic term for the dilaton eld  in the form suggested in [18].
The eective Lagrangian (23), obtained for the theory with  6= 0, is just the low energy
dilaton Lagrangian derived by Migdal and Shifman for the case  = 0. We see that the
minimization of the eective potential with a subsequent shift to a stable vacuum in the
eective theory eliminates the  dependence from physics in gluodynamics. Physically,
this means that the explicit CP violation due to  6= 0 in the Lagrangian is compensated
by a CP non-invariant vacuum choice such that physics becomes undistinguishable from
the case  = 0. The restoration of CP invariance is made explicit by a shift of the
vacuum. In terms of the original path integral formulation of gluodynamics, this picture
implies that boundary conditions for gluon elds also depend on . Though their explicit
form as a function of  is unknown, the elimination of  dependence in the low energy
eective Lagrangian automatically ensures that the same happens in the original theory.
As was stated in the Introduction, this is where a loophole in arguments leading from
correct Eq.(1) to wrong Eq.(2), assuming that boundary conditions for  6= 0 remain
the same as for  = 0, was overlooked. Introducing a -term into the YM Lagrangian
necessarily requires, if we want to deal with a stable vacuum, non-trivial -dependent
boundary conditions whose eects eventually eliminate any  dependence from physics in
gluodynamics. This disappearance of the  dependence is, however, quite non-trivial. We
believe that these are very special properties of the eective potential (17), describing the
low energy dynamics of the dilaton/axion eld  which is \dual" to the marginal operators
G2 and G ~G, that allow for the elimination of  dependence in YM theory. One can note
that in a hypothetical situation with an eective potential, dierent from (17), the 
parameter might not be eliminated from physics. For example, if the eective potential
were of the form V  (e−ir+(2−1) +h:c:), the  dependence would not disappear after
a shift of the  eld.
5 Conclusions
In this paper we have argued that both the U(1) and strong CP problems are solved in
YM theory without introducing new particles or interactions whatsoever. As was dis-
cussed in Sect.2, the U(1) problem is solved within a connection between the conformal
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and axial anomalies which reveals that the 0 gains its large mass due to fermion regulator
contributions to the conformal anomaly [16]. This resolution of the U(1) problem invokes
neither instantons [3], nor an axial ghost eld [4]. Moreover, it does not require any 
term in the YM Lagrangian, so that a resolution of the strong CP problem ceases to be
connected to the question of the 0 mass. We then addressed the strong CP problem in
gluodynamics using the eective dilaton/axion Lagrangian (Sect.3) reconstructed from
the low energy theorems [15, 16] of gluodynamics. This matching of the low energy and
high energy behavior of the theory, provided by the low energy theorems, is extremely
important in ensuring consistency of two descriptions of gluodynamics. Within the eec-
tive Lagrangian framework, we have found that, when a stable absolute minimum of the
eective potential is chosen as the true vacuum, physics becomes independent of . In
terms of the original path integral formulation of YM theory, this means the presence of
non-trivial -dependent boundary conditions whose eects cancel the explicit dependence
of the YM Lagrangian on . Thus, the  parameter is unphysical in gluodynamics, and
these mutually cancelling eects can be ignored altogether from the very beginning. No
CP violation can arise in YM theory.
A posteriori, a picture we have found for gluodynamics is resembling the situation
with the  dependence in supersymmetric eld theories [13, 14]. For the latter case, it
was found [13] that the  parameter is unphysical in the sense that observables do not
depend on , while a vacuum condensate does carry a  dependence. Let us speci-
cally consider the massive Seiberg-Witten model [21]. As is known, in this case magnetic
monopoles transform into dyons for  6= 0 due to the Witten eect. Besides, the dynam-
ically generated scale  does depend on  : 2  e−4
2=g2+i=2. Nevertheless, there is no
physical  dependence in the theory.
The way such independence of  is realized in the model is quite non-trivial and very
instructive: when  6= 0, we must move to a dierent vacuum state with dierent vacuum
expectation value u = hTr 2i ! ei=2u [13]. After this shift, all physical properties are
the same as in the original theory with  = 0. One could ask what happens with dyons
which naively should replace the monopoles when  6= 0. The answer is that the dyons
disappear from the spectrum when an appropriate choice  ei=2u for the vacuum state
is made. The dyons become the magnetic monopoles in this vacuum state and the \dyon
condensation" does not occur in the model [13].
This picture can be compared with the present case of ordinary YM theory. In SUSY
theories, the physical  dependence disappears after the appropriate shift to a true vacuum
state. Moreover, the mechanism of connement remains the same for any . This is very
similar to the picture advocated in the present paper: the minimization of an eective
potential in the \dual" low energy theory requires a shift to a new vacuum with lowest
energy, which results in elimination of physical  dependence. Moreover, one could expect
that a mechanism of connement in gluodynamics remains the same for any , as it
happens in SUSY models. Though methods we use are dierent from those exploited in
SUSY theories, the pleasant (and probably not accidental) fact is that the nal conclusions
on the unphysical nature of the  parameter are the same in both cases.
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